ABSTRACT Alkali bees, Nomia melanderi Cockerell, are solitary, gregarious, soil-nesting bees native to the western United States that are commercially managed in the Walla Walla Valley of Washington State to provide pollination service on alfalfa, Medicago sativa L., produced as a seed crop. In 2010 and 2011, we compared two techniques for estimating N. melanderi abundance in commercially managed bee beds. The Þrst technique involved quantifying the abundance of emergence holes in 24 0.5-m 2 quadrats on the surface of 13 bee beds during the peak period of N. melanderi foraging activity in July of both years. When we counted emergence holes, we marked a subset of eight quadrats per bee bed with plastic tabs. Subsequently, in late October of the same year, 0.014-m 3 soil cores were collected in close proximity to the plastic tabs. The soil cores were teased apart in the laboratory and the absolute abundance of overwintering prepupae was quantiÞed per core. Simple regression was highly significant between the means of emergence holes within the 0.5-m 2 soil surface quadrats and the means of the counts from the 0.014-m 3 soil cores. Using mean emergence hole counts, mean prepupae counts from the soil cores, and the surface area of the bee beds, we were able to calculate the estimated abundance of N. melanderi in each bee bed. We conclude that the nondestructive quadrat method of sampling N. melanderi abundance in commercially managed beds is robust compared with the destructive, labor-intensive, absolute soil core method.
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Alfalfa (Medicago sativa L.) seed was harvested from Ͼ4,300 ha in Walla Walla County, WA, in 2007 (U.S. Department of AgricultureÐNational Agricultural Statistics Service [USDAÐNASS] 2009). This accounted for 69% of alfalfa seed production in the state, and 12% of the total U.S. production (USDA 2009). In recent years, Washington StateÕs alfalfa seed production value has exceeded US$20 million annually (USDAÐ NASS 2012). Seed yields in this growing district are typically 50% greater than other PaciÞc Northwest seed-producing districts (USDAÐNASS 2012) . This has been attributed to the efÞcient pollination services provided by alkali bees, Nomia melanderi Cockerell (Cane 2008) , that are not available in other alfalfaproducing regions.
Pollination for alfalfa seed production in the western United States is typically performed by alfalfa leafcutting bees, Megachile rotundata F. (Pitts-Singer 2008, Pitts-Singer and Cane 2011) . M. rotundata are more manageable than N. melanderi in that they can be transported and can be released at known population densities, and are not subject to unmanageable spring weather conditions because they are released after being stored over the winter (Cane 1997) .
Alkali bees are univoltine, solitary, ground-nesting bees that nest in aggregations in "bee beds" (Bohart and Cross 1954, Delaplane and Mayer 2000) . Wellmanaged bee beds are populated by as many as 100 nests per 30 cm 2 (Frick 1960) . Female bees are strongly attracted to a previously established bed when nesting conditions are favorable (Stephen 1960) . Thousands of female N. melanderi have been observed to occupy a nesting site in a single day once the Þrst tumuli appear around fresh nest entrances (Cane 1997) . Females are attracted to preexisting nesting holes because of the presence of pheromones from previous nest occupants (Batra 1978) . A female builds her entire nest in a month at a soil depth from 15 to 50 cm depending on moisture conditions within the soil (Bohart and Cross 1954) .
Alfalfa seed producers in the Walla Walla Valley desire to know the population abundance of N. melanderi in their bee beds. Decisions to purchase supplemental M. rotundata for pollination services could be improved by having an accurate assessment of N. melanderi population abundance. Cane (2008) . During observation, 66% of the emergence holes were viewed to be active. Therefore, all counts were multiplied by two-thirds to achieve an estimate of active nests per bee bed (Cane 2008) .
Alkali bee bed managers have helped N. melanderi prosper through maintaining ideal nest sites, establishing new sites, and minimizing biotic and abiotic threats to the bees (Bohart and Cross 1954 , Stephen 1959 , Cane 2008 ). However, they have remained skeptical of the surface monitoring technique. Historically, growers have had greater conÞdence with labor-intensive and destructive soil core sampling techniques for assessing abundance of N. melanderi prepupae in which cores of soil between 14 and 28 liters are removed from bee beds in the autumn, and the prepupae are separated and counted. The purpose of this study was to compare the N. melanderi abundance sampling technique proposed by Cane (2008) with the absolute sampling technique of taking physical soil cores.
Materials and Methods
N. melanderi emergence hole counts using the quadrat method were taken on 13 speciÞc bee beds in 2010, 2011, and 2012 (Table 1 ). The locations (GPS coordinates) and surface areas (m 2 ) of the 13 bee bed sites are listed in Table 1 . Beds upon which we had observed N. melanderi activity (as determined by emergence holes in late summer) were chosen. We modiÞed a study done by Cane (2008) by sampling emergence holes within 0.5-m 2 quadrats instead of 1-m 2 quadrats, and increased the sample size from 10 Ð20 to 24. Twenty-four 0.5-m 2 quadrat counts were taken per bee bed. Using smaller quadrats but a higher number of replications allows for more surface area to be covered. The quadrats were constructed of 1.27-cm-diameter polyvinyl chloride pipe. The quadrat was thrown randomly onto the bee bed, and all emergence holes within the quadrat were counted. This was accomplished by walking through the bee beds and tossing the quadrat at random.
Among the 24 quadrats, 8 were randomly selected and marked with plastic identiÞcation stakes in 2010 and 2011. Subsequently, soil cores of 14 liters (15.24 by 15.24 by 61 cm in depth) were collected from these marked plots in close proximity (Ͻ0.1 m) to the plastic tab in October of the same year using a hydraulic soil coring device that connects to a backhoe and is powered by the hydraulics that would typically be used for a packer plate (designed by Dan Groenendale and D.B.W. and fabricated by Tinsley Welding, Prosser, WA). The soil cores were deposited directly into plastic bags in cardboard boxes and sealed with packing tape.
The boxed soil cores were then transported to the Environmental and Agricultural Entomology Laboratory at Washington State UniversityÕs Irrigated Agriculture Research and Extension Center in Prosser, WA, and held outside in a covered outdoor location under ambient weather conditions. The soil cores were searched manually in the laboratory in the subsequent November and December of each year. During these searches, all N. melanderi prepupae were counted and weighed.
A regression analysis was conducted to determine how effective the surface emergence hole counts promoted by Cane were at predicting the subterranean prepupal abundance in 0.014 m 2 -soil core samples. In total, 96 individual paired samples were collected in 2010 (eight plastic stakes missing), and 104 paired samples were collected in 2011. The paired samples refer to the emergence hole counts paired with the soil core samples for the same bee bed location. The means of emergence holes counted within 0.5-m 2 quadrats and the means from the absolute counts of prepupae counted in 0.014-m 3 soil cores were calculated per site. These mean values for emergence holes in summer and Nomia prepupae collected subsequently in fall in soil cores were analyzed by simple regression with Statistix 9 (Analytical Software 2008, Tallahassee, FL). Abundance of N. melanderi per bee bed was estimated for each year by multiplying the mean number of emergence hole counts from the quadrats by twothirds as suggested by Cane (2008) to accurately represent active nesting holes, and thus actively nesting females. The product was then multiplied by the surface area of the bee bed (m Paired t-tests were run between years on mean quadrat hole counts and estimated abundances using Statistix 9 (Analytical Software 2008). 
Results and Discussion
The number of prepupae collected in core samples in 2010 was signiÞcantly predicted by emergence holes counted the previous summer using simple regression analysis (P Ͻ 0.001; r 2 ϭ 0.73; mean squared error (MSE) ϭ 20.90; Fig. 1 ) with the means from each site. The same was true for 2011 (P Ͻ 0.001; r 2 ϭ 0.94, MSE ϭ 22.01, Fig. 1 ). Table 2 lists survey counts for emergence holes and prepupae in soil cores for 2010 and 2011, along with estimated abundance of N. melanderi for each site. These highly signiÞcant regressions demonstrate that surface quadrat counts of emergence holes can accurately predict subterranean N. melanderi prepupal abundance. Extracting soil cores is labor intensive and destructive to the diapausing prepupae and the bee bed itself, whereas a surface count of emergence holes using the quadrat method is nondestructive and reliable. It can also be completed under amicable late summer weather conditions versus unfavorable late fall weather conditions when soil cores are extracted. The quadrat surface counting took one person 2Ð3 d to count 24 quadrats at 13 bee beds, including the driving between sites. If two people counted, the process only took 2 d. To collect soil cores, it took a group of three people (one to drive the backhoe and extract the cores, one to position the boxes to collect the cores, and one to label and tape the boxes closed). The process can be accomplished with two people. We spent 3 d traveling to the 13 bee beds sampled to extract eight soil cores from each site and unloading them back at headquarters. Teasing apart the soil cores and collecting prepupae (104 each year) took roughly 3Ð 4 wk for one person. Because of the signiÞcant regressions and the ability to predict prepupal abundance, only quadrat counts were taken in 2012 and the estimated abundance was calculated; these counts and population estimates are listed in Table 3 . Quadrat counts were taken in 2012 to continue estimating the N. melanderi population abundance on a yearly basis.
Comparisons between years with paired t-tests yielded signiÞcant differences. There was a decrease of 1,572,561 in the total estimated population abundance of N. melanderi between 2010 and 2011 (F ϭ 1.84; df ϭ 12; P Ͻ 0.09), and a signiÞcant difference between mean quadrat hole counts (F ϭ 4.37; df ϭ 12; P Ͻ 0.001). Between 2011 and 2012, the estimated population increased by 1,574,262 (F ϭ Ϫ2.94; df ϭ 12; P Ͻ 0.01), with a signiÞcant difference between mean emergence hole counts (F ϭ Ϫ7.19; df ϭ 12; P Ͻ 0.001). Despite the large decrease in estimated abundance between 2010 and 2011, 5 of the 13 bee beds increased in N. melanderi numbers. In May 2011, there was an accumulated 59 mm of rainfall, compared with 32 mm in May 2010, and only 8 mm in May 2012 (Washington Agricultural Weather Network Version 2.0: AgWeatherNet, Touchet, WA station). We can speculate that the large amount of rainfall before adult N. melanderi emergence in early June 2011 could have contributed to the decrease in population, because May is typically when N. melanderi prepupae begin the pupation process. The increase in population from 2011 to 2012 could have been because of less rain in May, but there also was a shift in pesticide use in the Walla Walla Valley of Washington State. Growers have replaced an organophosphate with a new selective homopteran feeding blocker insecticide, which is potentially less toxic to bees. Many factors contribute to the proliferation of N. melanderi, and their ßuctu-ating population levels could be because of weather conditions, grower practices, or pesticide changes.
With this comparison of sampling techniques, seed producers can now be more conÞdent of using the emergence hole counts method to estimate their N. melanderi overwintering populations without taking soil cores. Extracting soil cores is destructive to the bee bed and labor intensive; as prepupal abundance can be predicted accurately by emergence hole counts, only these nondamaging surface counts are needed. Growers can use this simple, nondestructive technique to quantify the approximate number of N. melanderi in their bee beds, which will inform their decisions about purchase and deployment of M. rotundata as supplementary pollinators. Because of increases in the prices of M. rotundata, seed producers are relying more on their N. melanderi populations. 
